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What is claimed is: 

^ method for slowing ttirc degradation rate of a biodegradable polymer or 
\ biodegradable polymef composition, wherein the method comprises: 

introducing a plpnol-containing compoimd comprising a terpene-phenol 
resin into a biotiegradable polymer or biodegradable polymer composition in 
an amount aflfficient to slow the degradation rate of the biodegradable 
polymer oi biodegradable polymer composition; and 
b, mixing tfie phenol-containing compound with the biodegradable polymer or 
biodegradable polymer composition. 

The method of claim 1 wherein the terpene-phenol resin comprises from about 1 
to about 40 % by weight of phenol as measured by weight of the compound. 



3. The method of claim 1 wherein the terpene-phenol resin comprises from about 5 
to about 20 % by weight of phenol as measured by weight of the compound. 

•t 

4. The method of claim 1 wherein the phenol-containing compound is present in 
the biodegradable polymer or biodegradable polymer composition at from about 
0.5 to about 10 weight % as measured by the total weight of the biodegradable 
polymer or biodegradable polymer composition. 

5. The method of claim 1 wherein the phenol-containing compound is present in 
the biodegradable polymer or biodegradable polymer composition at from about 
1 to about 3 weight % as measured by the total weight of the biodegradable 
polymer or biodegradable polymer composition. 

6. The method of claim 1 jMierein the biodegradable polymer or biodegradable 
polymer composition^4mprises one or more of: 
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a) an aliphatic-aromatic copolyester having repeat y^ts of the following 
structures: 



o 



o 



o — R» 1 — o — c — y 



and 



O 



O 



O R] 



O C Ri*^ C 



wherein: 



b) 



(i) R*' and R'^ are the same or different, and are residues of one or 
more of: diethylene glycral, propylene glycol, 1,3-pTopanediol, 
2,2-dimethyl-l,3-propanediol, 1,3-butanediol, 1,4-butanediol, 
1,5-pentanediol, 1,6-Hexanediol, 2,2,4-trimethyl-l,6-hexanediol, 
thiodiethanol, 1,3-cyclohexanedimathanol, 1,4- 
cyclohexanedimethanol, 2,2,4,4-tetramethyl- 1 ,3-cyclobutanediol, 
triethylene glycol,/or tetraethylene glycol; 

(ii) R*^ and R^^ are 100% of the diol components in the copolyester; 

(iii) R*^ is absent or j/ selected from one or more of the groups 
consisting of (/i - al^ylene or oxyalkylene; - alkylene 
or oxyalkylerfe substituted with one to four substituents 
independently selected from the group consisting of halo, Cg - 
Cio aryl, and Ci - C4 alkoxy; C5 - Cjo cycloalkylene; and C5 - C^q 
cycloalkylene substituted with one to four substituents 
independently selected from the group consisting of halo, - 

ai^^l, and C, - C4 alkoxy; and 

(iv) R^'* jfe selected from one or more of the groups consisting of Cg - 
Ci^aryl, and Cg - C,o aryl substituted with one to four 
suDstituents independently selected from the group consisting of 

[alo, Cj - C4 alkyl, and Ci - C4 alkoxy; 
an alipttatic polyester having repeat units of one or more of the 
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following structures: 



/ 



o 



o 



0(R8) 6i(R^} 



or 



RlO 



O 



wherein m isan^tdgr^^^ 10, and R*"* is selected from the group 

consisting of h^ogen; C^-C.^ alkyl; C,-C,2 alkyl substituted with one to four 
substituents independently selected from the group consisting of halo, C^-C^q 
aryl, and C^V^ alkoxy; Cs-CioCycloalkyl; and Cj-CioCycloalkyl substituted with 
one to fourySubstituents independently selected from the group consisting of 
halo, Q-aoaryl, and C1-C4 alkoxy, 

whereinyR^ is selected from the group consisting of C2-C12 alkylene or C2-C,2 
oxyalWlene; C2-C12 alkylene or C2-C12 oxyalkylene substituted with one to four 
substituents independently selected from the group consisting of halo, C^-Cjo 
aryl, knd C^-C^ alkoxy; Cs-CioCycloalkylene; Cs-CioCycloalkylene substituted 
witWone to four substituents independently selected from the group consisting 
of Halo, Q-C,oaryl, and C,-C4 alkoxy, and 

whbrein is absent or is selected from one or more of the groups consisting of 
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C,-C,2alkylene or oxyalkylene; CiyCi2 alkylene or oxyalkylene substituted with 
one to four substituents independratly selected from the group consisting of 
halo, Q-Cioaryl, and C1-C4 alko^y; Cj-Ciocycloalkylene; and C5-C10 
cycloalkylene substituted with/^f to four substituents independently selected 
from the group consisting of l4^<OSg^ioaryl, and C1-C4 alkoxy; or 
c) a C,-Cio cellulose esfer having a DS equal to or less than about 2.5. 

The method of claim 6 wfierein the biodegradable polymer or biodegradable 
polymer composition/comprises the aliphatic-aromatic copolyester and wherein 
R*^ and R*^ are the^ame or different, and are selected from the group cons^ting 
of residues of one or more of glycol, propylene glycol, 1,3-propanediol, orl,3- 
butanediol, anyi,4-butanediol, R*^ is selected from the group consisting of 
malonic acid/ succinic acid, glutaric acid, adipic acid, pimelic acid, 2,2-dimethyl 
glutaric ac^, diglycolic acid, and an ester forming derivative thereof, and R^"* is 
selected^om the group consisting of one or more of 1,4-terephthalic acid, 1,3- 
tereph^ialic acid, 2,6-naphthoic acid, 1,5-naphthoic acid, and an ester forming 
derivative thereof. 

The method of claim 1 wherein the biodegradable polymer or biodegradable 

r 

polymer composition comprises one or more of: poly( vinyl alcohol), 
poly(etyhylene-co- vinyl alcohol), poly(vinyl acetate), poly(ethylene-ca-vinyl 
acetate), poly(glycolic acid), poly(lactic acid), polycaprolactone, poly(alkylene ^ 
D-tartrate), polyp-dioxanone, polyorthoformate, poly(oxyethylene glycoates), 
polyethylene oxide, and polyhydroxyalkanoate. 

The method of claim 1, wherein the biodegradable polymer or biodegradable 
polymer composition comprises one or more of: a pigment, a dye, an 
opacifying agent, an antioxidant, an ultraviolet stabilizer, an optical brightener, 
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an aliphatic acid, a metal salt, an antistatic agent, an antiblocking aid, a filler, a 
dispersing agent, a coating aid, a slip agent, a lubricant, starch, wood, and flour. 




A method for slowing the degradation^ate of a biodegradable polymer or 



biodegradable polymer composition/ wherein the method comprises: 

(a) introducing a phenol-contaming compound into a biodegradable 
polymer or biodegradab^ polymer composition in an amoxmt sufficient 
to slow the degradation rate of the biodegradable polymer or 
biodegradable polvmer composition; and 

(b) mixing the phenol-containing compound with the biodegradable 
polymer or biodegradable polymer composition. 

11. The method of claim 10, whe/eM the phenol-containing compound comprises 
one or more of terpene-pherfc/l re^, poly(vinylphenol), phenolic antioxidant, 
and a material capable of releasing a phenol upon hydrolysis. 

12. The method of claim 11, wherein the phenol containing compound comprises 
the phenolic antioxidant and wherein the phenolic antioxidant comprises one or 
more of: 4,4'-thio-bis(2-t-butyl-5-methylphenol), polymeric alkylated phenol, 
2,5-di-t-amylhydroquinone, 1 , 1 -di-(2-methyl-4-hydroxy-5-t- 
butylphenyl)butane, and l,r-thio-bis(2-hydroxynaphthalene). 




13. The method of claim 11, wherein the phenol-containing material comprises a 
material capable of releasing a phenol upon hydrolysis and comprises one or 
more of: diphenyl-isodecyl phosphite, diisodecylphenyl phosphite, tris(p- 
nonylphenyl)phosphite, and tris[3-methyl-4-(2-methyl-4-hydroxy-5-t- 
butylphenylthio)-6-t-butyl)phospliite. 
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The method of claim 10 ^herein the phenol-containing material comprises 
terepene-phenol resin, tmenolic antioxidant, or a material capable of releasing 
phenol upon hydrolysis and wherein the material contains from about 1 to about 
40 % by weight of nnenol as measured by weight of the compound. 

The method of cLamiAo wiierein the phenol-containing material comprises 
terepene-phenoyresin^^^enolic antioxidant, or a material capable of releasing 
phenol upon Iwdrolysis and wherein the material contains from about 5 to about 
20 % by weight of phenol as measured by weight of the compound. 

/ 

The method of claim 10, wherein the phenol-containing compound comprises 
poly(vinylphenol) and wherein the poly(vinylphenol) comprises less than or 
equal to about 77.5 % by weight of phenol as measured by weight of the 
compound. 

The method of claim 10 whe^-ein the phenol-containing compound is present in 
the biodegradable polymer or biodegradable polymer composition at from about 
0.2 to about 10 % by weimt as measured by total weight of the biodegradable 
polymer or biodegradabl^^^ymer composition. 

The method of claim LO wherein the phenol-containing compound is present in 
the biodegradable polymer or biodegradable polymer composition at from about 
1 to about 3 % by weight as measured by total weight of the biodegradable 
polymer or biodegradable polymer composition. 

The method of claim 10 wherein the biodegradable polymer or biodegradable 
polymer composition comoriies^ or more of: 

a) an aliphatic-aroijaatic copolyester having repeat units of the following 
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structures: 



/ 



o O 

J 



O Ri 1 O C Ri3 



wherein: 



and 



O Rl2 o 



b) 




?d from one or more of the groups 
^lehe or oxyalkylene; Cj - C,2 alkylene 



(i) R^^ and R*^ are the same or differezit, and are residues of one or 
more of diethylene glycol, prop^ene glycol, 1,3 -propanediol, 
2,2-dimethyl-l ,3 -propanediol, 1 ,3-butanediol, 1 ,4-butanediol, 
1,5-pentanediol, 1,6-hexanedfol, 2,2,4-trimethyl-l,6-hexanediol, 
thiodiethanol, 1,3-cyclohexanedimethanol, 1,4- 
cyclohexanedimethanol, 2;2,4,4-tetramethyl-l ,3-cyclobutanediol, 
triethylene glycol, or tetraethylene glycol; 

(ii) R^^ and R'^ are 100% ^J^the diol components in the copolyester; 

(iii) R*^ is absent or is select* 
consisting of - 

or oxyalkylene substituted with one to four substituents 
independently selected from the group consisting of halo, - 
C,o aryl, and of - C4 alkoxy; C5 - Cjo cycloalkylene; and C5 - C,o 
cycloalkylene substituted with one to four substituents 
independently selected from the group consisting of halo, - 
Cio aryl, skd C, - C4 alkoxy; and 

(iv) R*"* is selected from one or more of the groups consisting of - 

aryl, and Cg - C^q aryl substituted with one to four 
subs/ituents independently selected from the group consisting of 
halo, Ci - C4 alkyl, and - C4 alkoxy; 

an aliph^ic polyester having repeat units of one or more of the 

folio wiijig structures: 
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OtHCCHz), 



0(R8)_/_C(C(R9> 



wherein m is ^ integer of from 0 to 10, and R'" is selected from the 
group consistihg^hydrogen; C.-C.jalkyl; Ci-C.^alkyl substituted with 
one to four sjibs^JaiQ^^ndependently selected from the group 
consisting of halo, C^-Cioaryl, and C,-C4 alkoxy; Cj-C.oCycloalkyl; and 



Cs-Cjocycloalkyl substituted with one to four substituents independently 
selected from the group consisting of halo, Cs-Cjoaryl, and C1-C4 alkoxy, 
wherein is selected from the group consisting of C2-C,2 alkylene or 
C2-C12 Okyalkylene; Cj-Cij alkylene or C2-C12 oxyalkylene substituted 
with 01* to four substituents independently selected from the group 
consistfng of halo, Q-C,oaryl, and C,-Q alkoxy; Cj-C.oCycloalkylene; 
Cs-Cio/cycloalkylene substituted with one to four substituents 
independently selected from the group consisting of halo, Cg-Cioaryl, 
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and C1-C4 alkoxy, and 

wherein is absent or is sele^ed from one or more of the group 
consisting of C,-Cj2 alkylend'or oxyalkylene; C,-Ci2 alkylene or 
oxyalkylene substituted wiin one to four substituents independently 
selected from the group dPiisisting of halo, Q-Cjoaryl, and C,-C4 
alkoxy; C5-CioCycloalWleffie;^nd Cj-Cjocycloalkylene substituted with 
one to four substituems independently selected from the group 
consisting of halo, Cg-Cioaryl, and C^-C^ alkoxy; or 



c) a Ci-Cjo cellulose ester having a DS equal to or less than about 2.5. 



20. The method of claim 10 wherein the biodegradable polymer or biodegradable 
polymer composition comprises one or more of: poly( vinyl alcohol), 
poly(etyhylene-cc?-vinyl alcohol), poly( vinyl acetate), poly(ethylene-c<9-vinyl 
acetate), poly(glycolic acid), poly(lactic acid), polycaprolactone, poly(alkylene 
D-tartrate), polyp-dioxanone, polyorthoformate, poly(oxyethylene glycoates), 
polyethylene oxide, and polyhydroxyalkanoate. 



21. The method of claim l/O wherein the biodegradable polymer or biodegradable 
polymer composition^jther comprises one or more of: a pigment, a dye, an 
opacifying agent, an antmxidant, an ultraviolet stabilizer, an optical brightener, 
an aliphatic acid, a metal salt, an antistatic agent, an antiblocking aid, a filler, a 
dispersing agent, a coating aid, a slip agent, a lubricant, starch, wood, and flour. 

biodegradable polymer^omposition comprising: 
a. a biodegradable polymer or biodegradable polymer-second material 
composition; am 



a phenol-contaaning compound comprising terpene-phenol resin 
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incorporated i^the biodegradable polymer or biodegradable polymer- 
second material composition, the phenol-containing compound being 
present at aftl amount sufficient to slow the degradation rate of the 
biodegradable polymer or biodegradable polymer second-material 
composmon. 



The biodegradable polymer composition of claim 22^herein the biodegradable 
polymer or biodegradable polymer-second materi^composition comprises one 
or more of the following: 

a) an aliphatic-aromatic copolyester havi/g repeat units of the following 
structures: 



o 



■R^ ^ O C — Ri3 



O 



and 



O 



O Rl2 o 



O 



.R»4 1 



wherein 

(i) R'^ and R*^ are tfie\same or different, and are residues of one or 
more of dieth;^i^j4lycol, propylene glycol, 1,3 -propanediol, 
2,2-dimethyi^-tr0^ediol, 1,3-butanediol, 1,4-butanediol, 
l,5-pentane<iiol, 1,6-hexanediol, 2,2,4-trimethyl-l,6-hexanediol, 
thiodiethariol, 1,3-cyclohexanedimathanol, 1,4- 
cyclohex^edimethanol, 2,2,4,4-tetramethyl- 1 ,3-cyclobutanediol, 
triethylfene glycol, or tetraethylene glycol; 

(ii) R^* add R^^ are 100% of the diol components in the copolyester; 

(iii) R^^is absent or is selected from one or more of the groups 
co^isisting of Cj - alkylene or oxyalkylene; C, - C12 alkylene 

oxyalkylene substituted with one to four substituents 
independently selected from the group consisting of halo, Cg - 
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C,o aryl, and C, - C4 alkoxy; C5 - C,o cyclb'alkylene; and C5 - C,o 
cycloalkylene substituted with one to four substituents 
independently selected from the grou/ consisting of halo, Cg - 
C,o aryl, and C, - C4 alkoxy; and / 
(iv) R'" is selected from one or more 0/ the groups consisting of Cg - 
C,o aryl, and Cg - C,o aryl substituted with one to four 
substituents independently selec/ted from the group consisting of 
halo, C, - C4 alkyl, and C, - c/alkoxy; 
an aliphatic polyester having repeat jinits of one or more of the 
following structures: 



O 



o(r8) cIC(r9) 



Rio 



ocH(cm) 




wherein m is an uiteger of from 0 to 10, and R'" is selected from the 
group consisting of hydrogen; C,-C,2 alkyl; C.-C.^ alkyl substituted with 
one to four suMtituents independently selected from the group 



T 

/ 
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c/c 



consisting of halo, Ce-Cioaryl, and Q^-C^ alkoxy; C5-C10 cycloalkyl; and 
Cs-Ciocycloalkyl substituted with one to four substituents independently 
selected from the group consistiijg of halo, Q-C,oaryl, and C1-C4 alkoxy, 
wherein is selected from th^ group consisting of C2-C12 alkylene or 
C2-C12 oxyalkylene; C2-Ci2Xlkylene or Cj-Cjj oxyalkylene substituted 
with one to four substituents independently selected from the group 
consisting of halo, C^-iCioaryl, and Ci"C4 alkoxy; Cs-CioCycloalkylene; 
Cj-CioCycloalkylene^substituted with one to four substituents 
independently sele!cted from the group consisting of halo, Cg-Cjoaryl, 
and C1-C4 alkoxyydr 

wherein is mjSQip^r is^feelected from one or more of the group 
consisting of Ci-C,2 alkylene or oxyalkylene; C1-C12 alkylene or 
oxyalkylepe substituted with one to four substituents independently 
selectedorom the group consisting of halo, Cg-Cioaryl, and C1-C4 
alkoxy; Cs-CioCycloalkylene; and Cs-CioCycloalkylene substituted with 
one^o four substituents independently selected from the group 
insisting of halo, Cg-Cjoaryl, and C1-C4 alkoxy; and 
b) a ^i-Cio cellulose ester having a DS equal to or less than about 2.5. 



The biodegradable polymer composition of clainy23 wherein the biodegradable 
polymer or biodegradable polymer-second mat^al composition comprises the 
aliphatic-aromatic copolyester and wherein b/* and R^^ are the same or different, 
and are selected from the group consisting>of residues of one or more of glycol, 
propylene glycol, 1,3-propanediol, 1,3-butanediol, and 1,4-butanediol, R'^ is 
selected from the group consisting of rrialonic acid, succinic acid, glutaric acid, 
adipic acid, pimelic acid, 2,2-dimethvl glutaric acid, diglycolic acid, and an 
ester forming derivative thereof, and R'"* is selected from the group consisting of 
one or more of 1,4-terephthalic acid, 1,3-terephthalic acid, 2,6-naphthoic acid, 
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1,5-naphthoic acid, and an est^r forming derivative thereof. 

25. The biodegradable polymer composition of claim 22 wherein the phenol- 
containing compound comprises from about 1 to about 40 % by weight of 
phenol as measured by weight of the compound. 

26. The biodegradable polymer composition of claim 22 wherein the phenol- 
containing compound is present in the biodegradable polymer composition in 
amount of from about 0.5 to about 10 weight % as measured by weight of the 
biodegradable polymer composition. 

27. The biodegradable polymer composition of claim 22 wherein the phenol- 
containing compound is present in the biodegradable composition in an amount 
of from about 1 to about 3 weight % as measured by weight of the 
biodegradable polymer composition. 

28. The biodegradable polymer composition of claim 22, further comprising one or 
more of a pigment, a dye, an opacifying agent, an antioxidant, an ultraviolet 
stabilizer, an optical brightener, an aliphatic acid, a metal salt, an antistatic 
agent, an antiblocking aid, a filler, a dispersing agent, a coating aid, a slip agent, 
a lubricant, starch, wood, and flour. 
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